Three types of ampholites containing dimethylamino and carboxyl groups, i. e.,
The ion-exchange polymer brush, i.e., the ion-exchange polymer chain grafted onto the pore surface of a porous membrane, can adsorb proteins at a high rate and a high capacity because of the permeative transport and multilayer binding of the proteins, respectively [1, 2] . These advantages of the ion-exchange polymer brush are applicable to high-performance protein purification and enzyme immobilization. For example, urease was bound to the anion-exchange polymer brush grafted onto the porous hollow-fiber membrane at an amount of adsorbed urease of 1.2 g per g of the membrane. In addition, immobilized urease hydrolyzed urea during the permeation of 4 Murea through the pores of the membrane at a residence time of 3 min at 297 K [3, 4] . 
The molar conversion was evaluated from the weight increase of the hollow fiber. The remaining epoxy group was quantitatively converted into a diol group. The resultant porous hollow-fiber membranes prepared with N,N dimethylglycine, N,N dimethylaminopropionic acid, and N,N-dimethylaminobutyric acid were referred to as DMC 1(x)-, DMC2(x)-, and DMC3(x)-diol fibers, respectively, where x designates the molar conversion.
Measurement of liquid permeability of the amphoteric porous hollow-fiber membrane
The experimental apparatus for the evaluation of the liquid permeability and protein adsorptivity of the hollow fibers is shown in Fig. 2 . A hollow fiber with an effective length of 2.5 cm was positioned in a U-shaped configuration. One end of the hollow fiber was connected to a syringe pump and the other end was sealed. The pressure required to permeate the carbonate buffer (pH 9.0) across the hollow fiber at a constant flow rate was measured. The flux was calculated by dividing the flow rate at 0.1 MPa and 298 K by the inside surface area of the hollow fiber. •¬ (2) where Co, C, V, and Ve are the protein concentrations of the feed and effluent, the effluent volume, and the effluent volume when C reaches Co, respectively. W3 is the mass of the DMC 1(x)-, DMC2(x)-, or DMC3(x)-diol fiber. The lysozyme adsorbed was eluted by permeating 0.5 M sodium chloride through the pores of the hollow fiber.
3 Results and discussion
Properties of amphoteric porous hollow-fiber membranes
The ampholites containing dimethylamino and carboxyl groups, N(CH3)2(CH2)nCOOH (n =1-3) , were reacted with the epoxy group of the GMA-grafted porous hollow-fiber membrane with a degree of GMA grafting of 170%, i.e., the epoxy group density of 12 mol/kg of the base polymer.
Time courses of the molar conversion of the epoxy group into the amphoteric groups are shown in grafted onto the porous hollow-fiber membrane forms a shrunk conformation due to self neutralization [8, 9] i.e., intragroup association. 
